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ABSTRACT
Manufacture of a Dairy Dessert from Ultra-High Temperature Milk Concentrate

by
Mark H. Smith, Master of Science
Utah State University, 1994
Major Professor: Dr. Donald J. McMahon
Department: Nutrition and Food Sciences
The purpose of this project was to initiate development of a nonrefrigerated
dairy dessert product. Milk was concentrated by pressure-driven filtration and then
sterilized using ultra-high temperature (UHT) processing. Following sterilization,
samples were aseptically inoculated with rennet to coagulate the milk, which was then
stored at room temperature. These processing steps produced a dairy dessert that did
not require refrigeration. I investigated the influence of total solids, milk fat, rennet
dosage , storage temperature, and storage time on curd firmness and syneresis. I
investigated the effect on curd firmness and syneresis of giving the concentrate a heat
treatment prior to UHT processing. Chocolate and vanilla dairy desserts were
prepared, and a taste panel was conducted to compare the dairy dessert with a readyto-eat starch-based pudding.
Milk concentrate obtained by reverse osmosis did not form a gel, whereas
concentrate obtained by ultrafiltration did gel. Increasing the solids content of the milk
concentrate increased curd firmness, but increasing the fat content of the concentrate
decreased curd firmness. Curd fmnness and syneresis increased as the concentration
of rennet was increased. Products stored at 21°C yielded firmer gels with more
syneresis than products stored at 4°C. Moreover, products stored for longer periods

lX

of time produced finner gels and greater amounts of syneresis. Concentrate that
received a batch heat treatment prior to sterilization reduced syneresis. The addition of
cocoa to the concentrate inhibited coagulation. Taste panelists preferred the
commercial pudding over the dairy <lessen. Increasing the sugar content of the dairy
dessert may improve its sensory properties. To produce a commercially viable
product, additional work is required on flavor development.
(59 pages)

INTRODUCTION

Consumers want variety and change in their diets. They want to lower their
intake of salt, sugar, fat, and cholesterol but maintain their intake of protein, calcium,
and vitamins (38). Food manufacturers accommodate these needs with new products
and line extensions. Modem innovations, such as pressure-driven filtration and ultrahigh temperature (UHT) sterilization, can be combined with traditional methods of
coagulating milk to create new dairy products.

In pressure-driven filtration systems, milk components (proteins, lipids,
minerals, sugars, water) are separated by means of forcing the milk to flow under
pressure over the surface of a semi-permeable membrane. Some components will
pass through the membrane while others are retained. The retention of components
can be modified by altering the size, charge, or shape of the membrane.
UHT sterilization provides a means of extending the shelf life of dairy
products. By processing milk at temperatures between 135-150°C for 1-5 s,
commercial sterility is achieved through suitable time-temperature combinations that
provide optimal destruction of microorganisms while minimizing undesirable chemical
reactions. Because of UHT processing, these products do not require refrigeration
during storage.
The proteins in milk are divided into two general classes: caseins and whey
proteins. About 80% of the milk proteins are caseins. They exist mainly as
aggregated units called casein micelles. When the enzyme chymosin (EC 3.4.23.3) is
added to milk, a visible clot forms. The milk clotting process is initiated by enzymatic
attack on the micelle's K-casein (46). The modified K-casein is no longer able to
maintain micelle stability, and, in the presence of ca++ ions, the micelles form a
coagulum.
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This thesis details the development of using pressure-driven filtration, UHT
sterilization, and rennet to produce a dairy dessert. Milk is concentrated by membrane
filtration and then UHT sterilized. The concentrate is packaged into sterile containers
and inoculated with calf rennet using a sterile, syringe filter. By combining these
processes, a soft-curd, dairy dessert is formed that does not require refrigeration
during storage.
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LITERATURE REVIEW

Concentrating Milk
The removal of water from fluid milk is usually associated with such products
as evaporated milk and sweetened condensed milk. However, heat used to condense
these products is responsible for the denaturation of some milk proteins (15). With
the development of cellulose acetate membranes for the desalination of water in 1959,
pressure-driven filtration provided a new method to physically separate components
within a fluid without using heat or requiring a phase change (2).
In pressure-driven filtration, a feed stream enters the membrane system where

pressure is applied as the driving force for permeation (44). Components whose size
is smaller than the membrane's pores pass through, but larger components are
retained. The stream containing the components that pass through a membrane is
known as permeate, and the stream containing retained components is known as
retentate or concentrate.
In pressure-driven filtration, feed stream components are separated on the

basis of size and molecular weight (10). The membrane's pore size and the system's
operating pressure aid in determining component separation. Based upon these two
factors, membrane filtration may be classified as microfiltration, ultrafiltration (UF),
nanofiltration, or reverse osmosis (RO). Microfiltration is performed at low operating
pressures(< 69 kPa) with a pore size range of .02-2.0 µm. Ultrafiltration is generally
performed at pressures between 69-690 kPa with a pore size range of .001-.02 µm.
Nanofiltration requires a higher operating pressure and smaller pore size while reverse
osmosis requires the highest operating pressure (690-6900 kPa) and smallest pore size
range (.0001-.001 µm) (44).
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Milk component retention is dependent upon the system in use. In UF
processing (1), protein and fat are nonpermeable components and are held in the
retentate. Permeation of Ca, Na, P, and riboflavin decreases as permeate is
withdrawn from the milk. These components are associated, to varying degrees, with
the milk proteins, and an increase in the protein content would directly affect these
components. The ratio of lactose in the aqueous phase of permeate and retentate
remains essentially constant during UF processing and indicates lactose is a membrane
permeable component. In nanofiltration, fat and large protein aggregates are retained,
and some lactose and inorganic ions are permeable. In RO processing, only water and
some inorganic ions (mainly chlorides) pass into the permeate (13).

UHT Sterilization
UHT sterilization enables the dairy industry to develop milk products with
longer shelf life beyond the limits afforded by pasteurization. Developed in the late
1800's, continuous-flow sterilizers allowed milk to reach temperatures of 135-150°C
(5). The modem phase of UHT processing is traced to two separate developments.
The first is the development of a tubular UlIT sterilizer, and the second is the
development of a steam-into-milk UHT system by Alpura and Sulzers (5).
UHT sterilization is based on the principle that microorganisms and their
spores are more sensitive to changes in temperature than are chemical reactions such
as color change, vitamin destruction, or protein denaturation (15). This sensitivity to
temperature is expressed as a factor (Q10) by which the rate of reaction changes for a
temperature increase of 10°C. The thermal destruction of microorganisms has a
Q10

=20 while change in color has a Q10 =3 (5).
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Sterilization temperatures range from 135 to 150°C with a holding period of at
least 1 s. The main considerations in the selection of heating conditions are maximal
destruction of microorganisms, particularly resistant spores, and inactivation of
enzymes. UHT products are considered commercially sterile, which means the
proportion of microorganisms either surviving the sterilization treatment or entering as
poststerilization contaminants is so small that it poses no public health hazard (15).
Complete sterilization is possible at higher temperatures, but adverse flavor changes in
the product make such treatments impractical.

Temperature Effect on Milk
Changes which occur in heating milk are complex·and interrelated.
Components of milk that contribute to these changes include: caseins, whey proteins,
minerals, and carbohydrates.
Caseins. The caseins consist of a 5 1-casein, as2-casein, ~-casein, K-casein,
and subfractions thereof. They are phosphoproteins which comprise about 80% of
the protein in milk and exist mainly as aggregated protein-mineral complexes called
casein micelles. Caseins in micelles exhibit secondary and tertiary structure in the
form of a-helixes, ~-structures, and unordered structures. There is also considerable
quaternary structure arising mainly from hydrophobic and electrostatic interactions
(34). Hydrophobic interactions are temperature sensitive and weaken as the
temperature decreases. Casein micelle composition is, therefore, temperature
dependent.
~-Casein,

and to some extent K-casein and a 5 1-casein, diffuses out of the

micelle at low temperature (39). If milk is stored at 4 °C, as much as 40% of ~-casein
may move into the serum phase. If it is rewarmed to 30°C, the majority of serum
casein reassociates within the micelle (34 ). Because of their relatively open structure,
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caseins are not readily denatured at high temperatures; however, the casein micelle
structure is altered. Exposure of milk to these temperatures results in an increase in
casein micelle size and in complexing of K-casein with whey proteins (6, 28). The
increase in micelle size is regulated by pH at the time of heating (6).
Whey Proteins. Unlike the caseins, whey proteins (~-lactoglobulin, alactalbumin, serum-albumin, and immunoglobulins) are subject to heat denaturation.
Denaturation of 13-lactoglobulin by heat occurs initially around 70°C with additional
protein structure unfolding around 130°C (47). To completely denature the whey
proteins, heat treatments of 77.5°C (1 h), 80°C (30 min), and 90°C (5 min) are used
(34). The rate of denaturation decreases when reagents specific for sulfhydryl groups
are added (21). Activation of ~-lactoglobulin sulfhydryl groups by heat is
accompanied by interactions with K-casein and occurs through disulfide linkages over
a pH range of 6.7 to 7.0 at 85 to 90°C (41). These interactions along with others
contribute to an increase in casein micelle size associated with UHT processing (6,
28). Denaturation of whey proteins is associated with an increase in whitening of
milk (4) and development of flavor when milk is heated above 70°C (49).
Minerals. The minerals of milk are soluble, ionic, or colloidal in nature and
are dispersed among the serum and colloidal phases of milk. In the serum phase,
minerals may exist in the ionic state or interact with one another to form soluble
molecules or to bind with the whey proteins (25). In the colloidal state, minerals
complex with each other and with the ionic amino acids within the caseins. Heat
treatment is known to cause a reduction of soluble and ionic calcium in milk. While
milk is in cold storage, there is a gradual return toward the original calcium levels.
Soluble phosphorus undergoes a similar change (16). The pH of heated milk
decreases and upon cooling increases again. The decrease in pH during heating is
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caused by changes in buffer capacity of the milk salts and release of carbon dioxide
(30).
Carbohydrates. The formation of formic and lactic acids develops from the
decomposition of lactose, and Maillard-type reactions occur, resulting in the formation
of high molecular weight pigments termed melanoidins when milk is heated for 2 h at
l l 6°C (34). The formation of these organic acids contributes to the increase in
acidity. These reactions are not significant in the heat processing of milk below 80°C
at the usual pH of milk (5), although given sufficient time such browning will occur in
milk stored at temperatures> 30°C (5). Nonionic materials, such as fats, starches,
and sugars, usually promote coagulation of milk during heating. These particles
appear to adsorb protein, and the concentration of protein tends to encourage localized
coagulation (34).

Rennet
Calf rennet is a salt extract of the stomach mucosa of calves that contains the
predominant enzyme chymosin (E.C. 3.4.23.3). Chymosin originates in the calfs
stomach as an inactive zymogen called prochymosin and is converted to active
chymosin in the acid environment of the stomach. The microflora in commercial calf
rennet and adult bovine rennet has been identified as spore-forming aerobic and
anaerobic bacteria (20, 22). Uncontrolled microbial growth within rennet can cause
rapid deterioration of the clotting strength and cause flavor defects in cheese (12, 42).
Commercial liquid rennet is usually preserved by salt and preservatives such as
sodium benzoate and propylene glycol (12). For maximum stability, rennet should be
kept under refrigeration at a pH between 5.5 and 5.9 (29).
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Enzymatic Coagulation of Milk
Caseins exist mainly as colloidal units complexed with minerals. A widely
accepted mcxiel states that the casein micelle consists of sub-micelles combined
together to form aggregates of approximately 160 run in diameter (25). The outside
surface of the micelles contains a high concentration of K-casein (3). The purpose of a
milk coagulant, such as chymosin, is to hydrolyze a peptide bond of K-casein
(Phe105-Met106), which results in the formation of para-K-casein and a macropeptide.
The amino acids in para-K-casein are strongly hydrophobic while those in the
macropeptide are hydrophilic (17) . The hydrolysis of surface K-casein renders casein
micelles unstable in the presence of calcium ions and induces coagulation.
Hydrolysis of K-casein can be conducted at low temperature without
coagulation occurring. This is explained by the difference in temperature reaction
rates between hydrolysis and aggregation. Most enzymic reaction rates have Q 10
values between 2 and 4. Aggregation is more sensitive and has a Q10 of
approximately 11 to 12 (26). In addition to temperature sensitivity, clotting time is
inversely dependent upon enzyme activity (24).

Factors Affecting Milk Coagulation
Several factors influence the coagulation of milk, including: milk
concentration, homogenization, milk temperature history, setting temperature, pH,
and addition of gums.
Milk Concentration. Dalgleish (7) and McMahon et al. (28) reported that as
the concentration of UF milk increases, there is a decrease in rennet coagulation time.
On the other hand, if milk is diluted to levels lower than that of the original skim, milk
rennet coagulation times significantly increase (7).
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Homogenization. Homogenized milk produces weaker rennet gels than
nonhomogenized milk produces. Two explanations may account for this reduction.
One is that the fat particles in the homogenized product create points of weakness in
the curd. The other theory states that adsorption of casein to the surface of the fat
particles interferes in the formation of a strong network by reducing the concentration
of casein in the milk serum (45). Nevertheless, curd-forming properties of
homogenized milk may be improved by increasing the protein content of the milk
(23).

Milk Temperature History. If raw milk is cooled and held at low temperature,
its clotting time, measured at 35°C, increases for several hours (36). This effect is
reversed by heating the milk for 10 min at 40°C or by pasteurization. In 1945, Pyne
(35) showed that heating milk produced a temporary transfer of some of the soluble
calcium and phosphate to the colloidal calcium phosphate caseinate complex. He
believed that this increased the sensitivity of the caseinate complex to calcium ion,
which was responsible for the reduced clotting time. However, when milk is heated
from 65 to 100°C for 30 min, there is an immediate increase in rennet clotting time
(12). Kannan and Jenness (19) found the delay in coagulation resulted from the
interaction of 1)-lactoglobulin with casein, which could sterically hinder the chymosinK-casein interaction. If milk is heated prior to cheesemaking, it should not exceed
pasteurizing conditions, or a softening of the rennet curd will result. However, heat
treatments are beneficial because they provide a means of improving cheese quality by
killing undesirable gas and flavor microorganisms (48).
Setting Temperature. The temperature at which milk is set (rennet added) is
between 20 and 40°C. Marked difference in the texture of the curd can be produced
by variation in coagulation temperatures. For soft cheeses, the milk is usually set at a
lower temperature (21 to 27°C) than for hard cheeses (30 to 33°C) (48).
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nH-

Coagulation proceeds faster, and the clot is stronger as the pH is lowered

from that of milk to about 5.8 (12). The decrease in clotting time results primarily
from a change in calcium ion activity. As the pH is lowered, the concentration of
colloidal calcium phosphate decreases with a corresponding increase in [Ca++) (40).
The net effect is a reduction in rennet coagulation time.
Gums. The interactions involving milk proteins and carrageenans have been
widely reported (32) . The properties of these polymers are dependent on the number
and position of the sulfate groups in the carrageenan. The carrageenan anion reacts
with the milk proteins to form a complex that can exist as a stable colloidal dispersion.
Coagulation of milk by rennet is retarded with addition of kappa, lambda, and iota
carrageenans (14). However, Olsen (32) reported that the addition of low methoxyl
pectin decreased coagulation time and increased curd firmness as its concentration
increased. He also reported that as the concentration of xanthan gum increased in
milk, the coagulation time increased slightly, and the curd fmnness decreased (32).

Starch Gels
Starch is the major constituent of cereals and is found in seeds, roots, and
tubers (46). The term starch is applied to two polysaccharides that occur in nature.
Polysaccharides are single molecules that will, upon hydrolysis, yield a large number
of monosaccharide molecules. The monosaccharide units are held together by acetal
linkages between the carbonyl group on one unit and one of the hydroxyl groups on
the adjacent unit. If more than one hydroxyl in some of the monosaccharide units is
linked to another unit, branching occurs. In starch, the branched polymer is called
amylopectin, and the liner polymer is called amylase. Normal starches contain
roughly 25% amylose (46). Some starches contain only amylopectin and include
waxy corn, waxy barley, and waxy rice.
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Starch molecules are attracted to water because of the many hydroxyl groups
which they carry. The water molecules that are in direct contact with the polymers are
held by hydrogen bonding. When these polymers collide with one another in
solution, they often shear water molecules from their sides and then adhere to one
another rather than to new molecules of water. A single polysaccharide molecule may
form bonds at several points along the chain. This results in a network that holds the
water both through hydrogen bonding and by means of the porous structure of the
three-dimensional network. Movement of the polysaccharide chains can increase the
number of sites of attachment and, thus, decrease the available area for water. This
reduction results in water being squeezed out and is known as syneresis. Salts and
sugars compete against starches for water and if present in large number can retard
water-starch interactions. Starch-protein interactions are important, but the exact
nature of the interactions has not been determined.
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RESEARCH OBJECTIVES
My objective was to determine the feasibility of producing a commercially
sterile UHT processed dairy dessert from milk concentrate with rennet. In developing
this product, the research objectives were to detennine:
1 . Influence of total solids, rennet dosage, and storage time on curd
firmness and syneresis.
2 . Effects of setting temperature and storage temperature on curd firmness
and syneresis.
3 . Influence of the concentration method on curd firmness and syneresis.
4. Effect of milk fat on curd firmness and syneresis.
5 . Effect of heat treatment of the concentrate prior to UHf processing.
6 . Effect of using of ~-galactosidase to increase sweetness.
7. Influence of carrageenan on curd firmness and syneresis.
8 . Influence of modified food starch on curd firrnness and syneresis.
9 . Influence of whey protein concentrate on curd firmness and syneresis.
10. The palatability of the experimental dairy dessert as compared to a
commercial starch-based pudding.
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MATERIALS AND METHODS
Concentrate Processing
Skim milk and cream were obtained from the Gary H. Richardson Dairy
Products Laooratory at Utah State University. Skim milk and skim milk-cream blends
were pasteurized at 63°C for 30 min. Concentration was carried out at 49°C either by
UF or RO to the desired solids level. In UF processing, three spiral wound
membranes in series were used (Osmonics Inc., Minnetonka, MN; 20,000 daltons
nominal molecular weight cutoff, 15 m2 total membrane area). The inlet and outlet
operating pressures were 552 and 414 kPa. For RO processing, two membranes in
series were used (PCI Membranes, Fond Du Lac, WI). The inlet and outlet operating
pressures were 5.5 and 3.4 MPa. The solids content of the blends was determined by
microwave oven moisture analysis (CEM Corp., Indian Trail, NC).

UHT Sterilization
Milk samples were processed by plate heat exchange in a four-stage UHT pilot
plant system (Sterilab®, Alfa-Laval , Lund, Sweden). Product flow rate was 100 L/h .
Product was heated

to

79°C in heat exchanger I (residence time 58 s) with 8 s holding

time and heated to 139°C in heat exchanger II (residence time 97 s) with a 4 s holding
time. The product was cooled to 57°C by heat exchanger III (residence time 36 s) and
aseptically homogenized at pressures of 13.8 and 3.5 MPa in a two-stage
homogenizer. Product was cooled to either 21 or 34°C in heat exchanger IV
(residence time 30 s) and packaged under hyperfiltered, positive air pressure
(Stericab®, Alfa-Laval, Lund, Sweden). Presterilized, 120-ml polypropylene screw
cap containers served as packaging and, prior to UHT processing, these containers
were inoculated with rennet. After approximately 100 ml of product was filled into
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each container, they were closed and inverted twice to insure mixing of concentrate
and rennet.

Physical Testing
Curd Finnness. Curd firmness was measured using a penetrometer as
described by Dargan (9). A sample container and its contents were placed on an
electronic balance, which was located directly underneath the penetrometer rod (1.3
cm dia). The penetrometer rod was adjusted until it touched either the curd or, if
syneresis had occurred, the serum. The penetrometer was started, and the rod
descended at a constant rate of .3 mm/s. Transmission of force through the curd was
initially recorded during two 5-s intervals and thereafter at 10-s intervals. Graphs of
grams force (gf) versus time were plotted. Average gel strength was measured at the
highest initial point of each graph.
Syneresis. Syneresis was measured by collecting serum from a sample
container. A funnel with a 12.7 cm wide mouth containing a 10.2 cm diameter
Whatman No. 4 filter paper was placed mouth down on top of an open sample
container. The funnel-container was inverted and placed inside a 400-rnl beaker.
Following 5 min of draining, serum was transferred from the beaker into either a 10ml or 25-rnl volumetric cylinder and measured. The volume of collected serum was
compared to the original volume of the sample within its container to determine the
level of syneresis.

Experimental Design
Curd firmness and syneresis were the two characteristics measured in the
development of this product. Graphical presentations with means and error bars,
representing standard errors of the means, were used to depict curd firmness.
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Anal; si. of variance (ANOVA), in the form of split plots and split-split plots, was
used :o ietermine the significance of syneresis among samples.
Ixperiment 1: Total Solids. Rennet Dosage. and Storage Time. The influence
of toul olids (S) from skim milk (9.5% S) and skim milk UF concentrates (15, 20%
S) on ge formation and syneresis of UHT-processed fluid containing rennet was
determiied as was the effect of rennet dosage (D) and storage time (T). Prior to UHT
processilg, sample containers were inoculated with 1 ml of calf rennet (New Zealand
Coop~n:ive

Rennet Co., Eltham, New Zealand) at levels of 3.5, .5, and .07 rennet

units (RJ)/ml (11) using sterile, disposable, .2-µm syringe filters (Acrodisc®,
GelmanAnn Arbor, MI). Dilutions were made with deionized water and stored at
4°C pric to inoculation. The setting temperature at the time of filling was 21°C.
Sample:were stored at 21°C and analyzed after 1and4 wk.
"he significance of variations in syneresis was determined by ANOV A using a
split-spl plot design laid off in complete blocks. The following model was used:
Yijklm =µ + Ri + Sj + (RS)ij +Dk+ T1 + (DT)kl + (SD)jk + (ST)jl + (SDT)jkl +
eijkl + Oijklm
where YJklm is the dependent variable (syneresis), µ is the overall mean of the
populatin, and independent variables Ri, Sj, Dk, and T 1 are the coefficients for the
averageo f: replicates, total solids, rennet dosage, and storage time. The data set
consiste of two replicates (i
rennet dsages (k

= 1, 2), three total solid levels U= 9.5, 15, 20%), three

= .07, .5, 3.5 RU/ml), two storage intervals (1 = 1, 4 wk), and four

sampleSJer treatment. The sub and sub-sub plot error terms are represented by eijkJ,
and the unpling error term is represented by Cijklm· Fisher's least significant
differene was used to separate the means.
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Experiment 2: Setting Temperature and Storage Temperature. The effect of
setting temperature (V) at 21or34°C on curd fmnness and syneresis of a UHTprocessed concentrate containing rennet was determined. The effect of storage
temperature (W) at 4 or 21°C on curd firmness and syneresis was also detennined.
Skim milk was concentrated by UF processing to 20% total solids and then UHT
processed. The rennet concentration was 3.5 RU/ml rennet and samples were stored
over a 4-wk period.
The influence of setting temperature, storage temperature, and storage time on
syneresis was determined using a complete split-split plot design for ANOVA. The
following model was used:
Yijklm

= µ + Ri + Yj + (RV)ij +Wk+ T1 + (WT)kl + (VW)jk + (VT)j1 + (VWT)jkl +
Eijkl + Dijklm

where Yijklm is the dependent variable (syneresis), µis the overall mean of the
population, and independent variables Ri. Yj. Wk. and T1are the coefficients for the
averages of: replicates, setting temperature, storage temperature, and storage time.
The data set consisted of two replicates (i

= 1, 2), two setting temperatures (j = 21,

34°C), two storage temperatures (k = 4, 21°C), two storage times (1 = 1, 4 wk), and
four samples per treatment. The sub and sub-sub plot error terms are represented by
Eijkl, and the sampling error term is represented by Oijklm·
Experiment 3: Concentration Method. The effect of the concentration method
(C) on gel formation and syneresis of UHT-processed concentrate containing rennet
was determined. Skim milk was divided into UF and RO lots and concentrated to
20% total solids and then UHT processed. The rennet concentration was 3.5 RU/ml
rennet and the product setting temperature was 21°C. Samples were analyzed after 4
wk of storage at 21°C.
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The influence of the concentration method and storage time on syneresis was
studied using a complete split plot design for ANOVA. The following model was
used:
Yijk =µ+Ci+ Tj + (CT)ij + 8ijk
where Yijk is the dependent variable (syneresis) andµ is the overall mean of the
population. Independent variables Ci and Tj are the coefficients for the averages of
concentration method and storage time. The data set consisted of one replication, two
concentration methods (i = UF, RO), two storage times (j = 1, 4 wk), and four
samples per treatment. In this model, bijk represents the sample error.
Experiment 4: Milk Fat. The effect of milk fat (F) on curd firmness and
syneresis of a UHT-processed concentrate containing rennet was determined. Skim
milk and skim milk-cream blends were concentrated by ultrafiltration to 18% total
solids with fat levels of .6, 1.5, and 3.5% fat. Milk fat was determined by the
Babcock method (37). The concentrates were UHT processed and rennet
concentration was 3.5 RU/ml. The product setting temperature was 21 °C and
samples were analyzed after 1 and 4 wk.
The influence of milk fat and storage time on syneresis was studied using a
complete split plot design for ANOVA. The following model was used:
Yijk =µ+Fi+ Tj + (Ff)ij + 8ijk
where Yijk is the dependent variable (syneresis) andµ is the overall mean of the
population. Independent variables Fi and Tj are the coefficients for the averages of
milk fat and storage time. The data set consisted of one replication, three fat levels (i
= .6, 1.5, 3.5%), two storage times (j = 1, 4 wk), and four samples per treatment. In
this model, bijk represents the sample error. Fisher's least significant difference was
used to separate the means.
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Experiment 5: Preheating. The effect of a heat treatment (H) given to UF
concentrate prior to UHT processing on curd firmness and syneresis was determined.
Depending on the volume of the concentrate, concentrated skim milk (18% S)
receiving the preheat treatment was heated to 81°C for 30 min either in a pasteurizing
tank or in milk cans placed in a water bath. Following the 30-min heating period, the
concentrate was cooled to 37°C. Come-up and cool-down times were between 20 and
30 min depending on concentrate volume. Control concentrates received no such heat
treatment. Concentrate was UHT processed, and the rennet concentration was .5
RU/ml. The setting temperature was 21°C, and samples were stored at 21°C for 1
and 4 wk.
The effects of preheating and storage time on syneresis were studied using a
split plot design for ANOVA. The following model was used:
Yijk =µ+Hi+ Tj + (HT)ij + Dijk

where Yijk is the dependent variable (syneresis), µis the overall mean of the
population, and independent variables Hi and Tj are the coefficients for the averages
of preheat treatment and storage time. The data set consisted of one replication, two
heat treatments (i =yes, no), two storage times (1, 4 wk), and four samples per
treatment. In this model, Oijk represents the sample error.
Experiment 6: 6-Galactosidase. The effect of using ~-galactosidase on the
flavor profile of the dairy dessert was determined. Skim milk was concentrated by
UF to 18% total solids and then cooled to 30°C, at which point it was inoculated with
.06% (v/v) ~-galactosidase (~-D-Galactoside galactohydrolase, Pfizer, Milwaukee,
WI) and stored for 24 h at 7°C. The concentrate was UHT processed, and samples
were evaluated the next day using cocoa and vanilla flavorings.
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Experiment 7: Carrageenan. The effect of carrageenan on curd finnness and
syneresis of a UHT concentrate containing rennet was determined. A blend of skim
milk and cream was concentrated by UF processing to 18% Sand 2% fat. It received
a 30-min heat treatment at 81°C and was then cooled to 51°C. Using a hand-held
blender, a premix was made by adding kappa carrageenan (Seakem® 611, FMC
Corporation, Philadelphia, PA) to 2 L of concentrate. After 10 min of blending, the
premix was added back to the original concentrate where it was cooled down to 37°C.
Concentrates were UHT processed and the rennet concentration was .5 RU/ml. The
setting temperature was 21 °C and samples were stored at 21°C for 1 and 4 wk. In
this experiment, carrageenan concentrations in the final product were .025 and .05%
(w/w).
The effects of carrageenan and storage time on syneresis on the system were
studied using a split plot design for the ANOV A. The following model was used:
Yijk =µ+Ki+ Tj + (KT)ij + 8ijk
where Yijk is the dependent variable (syneresis), µis the overall mean of the
population, and independent variables Ki and Tj are the coefficients for the averages
of carrageenan concentration and storage time. The data set consisted of one
replication, three concentration levels

U= 0, .025, .05% w/w), two storage times U=

1, 4 wk), and four samples per treatment. In this model, 8ijk represents the sample
error. Fisher's least significant difference was used to separate the means.
Experiment 8: Modified Food Starch. The effect of modified food starch on
curd firmness and syneresis of UF concentrate containing rennet following UHT
processing was detennined. A blend of skim milk and cream was concentrated by UF
processing to 18% Sand 2% fat. It received a 30-min heat treatment at 81°C.
Modified food starch derived from tapioca (National® Frigex, National Starch and
Chemical, Bridgewater, NJ) and waxy maize (Thennflo® and Frigex® W, National
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Starch and Chemical, Bridgewater, NJ) was used. Premixes were created by adding
modified food starch to 2 L of concentrate and blending for 10 min using a hand-held
blender. The premixes were added back to the concentrates and cooled down to
37°C. The concentrates were UHT processed, and rennet concentration was .5
RU/ml. The setting temperature was 21°C, and samples were stored at 21 °C for 1
wk. In this experiment, the modified food starch concentrations in the final product
were .01 and .1 % (w/w).
The effects of modified food starch (P) and its concentration (U) on syneresis
were studied using a split plot design for the ANOVA. The following mcxiel was
used:
Yijk =µ+Pi+ Uj + (PU)ij + Oijk
where Yijk is the dependent variable (syneresis), µis the overall mean of the
population, and independent variables Pi and Uj are the coefficients for the averages
of modified food starch and concentration. The data set consisted of one replication,
three modified food starches (i = Thermflo®, Fridjex® W, National® Fridjex), two
concentrations

U= .01, .1 % w/w), and four samples per treatment. In this model, Oijk

represents the sample error. Fisher's least significant difference was used to separate
the means.
Experiment 9: Whey Protein Concentrate. The effect of whey protein
concentrate on curd firmness and syneresis of UF concentrate containing rennet
following UHT processing was determined. A blend of skim milk and cream was
concentrated by UF processing to 18% S and 2% fat. It received a 30-min heat
treatment (81°C) and was then cooled to 51°C. Whey protein concentrate (Calpro
7504, Calpro Ingredients, Corona, CA) containing 75% protein was used. Premixes
were created by adding whey protein concentrate to 2 L of concentrate and, using a
hand-1eld blender, blending for 10 min. The premixes were added back to the
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concentrates and cooled down to 37°C. The concentrates were UHT processed and
rennet concentration was .5 RU/ml and the setting temperature was 21°C. Samples
were stored at 21°C and analyzed after 1 and 4 wk. In this experiment, concentrations
of whey protein concentrate within the final product were .01, .03, .05, and .1 %
(w/w).
The effects of whey protein concentrate and storage time on syneresis were
studied using a split plot design for the ANOV A. The following model was used:
Yijk

= µ + Ei + Tj + (ET)ij + Dijk

where Yijk is the dependent variable (syneresis), µ is the overall mean of the
population, and independent variables Ei and Tj are the coefficients for the averages of
whey protein concentrate and storage time. The data set consisted of one replication,
four concentrations (i

= .01, .03, .05, .1 % w/w), two storage times (1, 4 wk), and

four samples per treatment. In this model, Bijk represents the sample error. Fisher's
least significant difference was used to separate the means.
Experiment 10: Flavorings. Chocolate and vanilla were tested as dairy dessert
flavors. The base mix of the dairy dessert was made from a blend of skim milk and
cream which was concentrated by VF to 18% Sand 2% fat. The concentrate was
heated to 81 °C and held for 30 min and then cooled to 51°C. Using a hand-held
blender, flavor premixes were created by adding a dry mix of chocolate or vanilla
ingredients followed by their liquid ingredients to 4 L of concentrate. After 15 min
blending, premixes were added back to the original concentrates. This process was
carried out for both flavors. The concentrates were UHT processed and the rennet
concentration was .5 RU/ml and had a setting temperature of 21°C. Samples were
stored at 21°C. The chocolate concentrate contained 4.5 g sucrose, 2.5 g cocoa (Dari
Rich, BlankeBaer & Boweykrimko Corp., St. Louis, MO), .25 g modified food
starch (Thermflo®), .025 g carrageenan (Seakem® 611), .09 g natural and artificial
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vanilla (Beck Flavors, St. Louis, MO), .1 g fructose, and .03 g sodium chloride per
100 g concentrate. The vanilla concentrate consisted of 4.5 g sucrose, .4 g natural
and artificial vanilla (Beck Flavors, St. Louis, MO), .25 g fructose, .25 g modified
food starch (Thermflo®), .03 g sodium chloride, and .025 g carrageenan (Seakem®
611) per 100 g concentrate.
Experiment 11: Sensory Analysis. Sensory testing was conducted to compare
the properties of the vanilla dairy dessert to a commercial ready-to-eat pudding. Taste
panel facilities at Utah State University's Department of Nutrition and Food Sciences
were used. The judging room consists of eight individual booths with sliding metal
windows between the booths and the sample preparation room. The test was
conducted under fluorescent lighting.
Using a nine-point hedonic scale (9 being "like extremely," 5 being "no
preference," and 1 being "dislike extremely"), each panelist evaluated the appearance,
flavor, mouthfeel, and overall acceptability of both products. A total of 50 untrained
panelists participated in this sensory panel. One-oz samples were served in coded 4oz paper cups on serving trays. The order of evaluating the samples was alternated.
Samples were served at room temperature.
To analyze results, a two-way analysis of variance (brands, judges) was used
for each of the four categories (appearance, mouthfeel, flavor, and overall
acceptability). Moreover, panelists were grouped by gender, age (20's-30's, 40's50's, 60's-70's, 80's-above), and regularity in which they consumed nonreferigated
ready-to-eat pudding (weekly, monthly, yearly). Using the separate variance t test,
categories within the groups were analyzed and results given.
The vanilla concentrate was modified to allow for more UHT samples to be
collected before product burn-on occurred during the sterilization process. The base
mix and the incorporc.tion of ingredients are outlined in the flavor methods. The
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vanilla concentrate consisted of 1.2 g fructose, .25 g modified food starch
(Thermflo®), .1 g sucrose, .1 g vanilla extract (David Micheal and Co., Philadelphia,
PA), .02 g sodium chloride, and .025 g carrageenan (Seakem® 611) per 100 g
concentrate. The composition was about 11 % protein, 6% carbohydrates, and 2% fat.
The commercial vanilla pudding (Hunt's Snack Pack Light, Hunt-Wesson,
Inc. Fullerton, CA 92634) was made from skim milk, water, sugar, modified food
starch, partially hydrogenated soybean oil, pectin, sodium stearoyl lactylate, flavors,
salt, and carrageenan. The composition consisted of 2% protein, 20% carbohydrates,
and 1% fat.
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RESULTS AND DISCUSSION
Total Solids
An increase in skim milk solids by UF processing increased curd firmness and
decreased syneresis. Curd firmness of samples containing 20% S was significantly
higher than samples containing 15% S, which was higher than , but similar in magnitude
to, samples of skim milk containing 9.5% S (Figure 1). After l wk , samples containing
20% S were firmly set and exhibited hard , custard-like gels. Samples containing 15% S
were soft milk curds. At 9.5% S, the gel structure was fragile and runny.
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Figure l. The effect of total solids (20% (D), 15% (0 ), and 9.5% ( ~) I on the
penetration resistance of UHT-renneted UF milk samples inoculated with rennet (3.5
RU/ml) and stored at 21°C for I wk. Average based on three replicates. Error bars
represent the standard errors of the means.

Although total solids had a significant (P < .001) overall effect on syneresis
(Table 1), the inverse relationship between total solids and syneresis was not consistent
among all levels. Concentrates containing 15% and 20% S displayed similar levels of
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syneresis (6.0 ± .7 and 4.6 ± .8 ml) but lower than that of skim milk samples with 9.5%
S (17.9 ± .6 ml).

TABLE l. ANOVA of syneresis as it relates to total solids (9.5, 15, 20%), rennet
dosage (.07, .5, 3.5 RU/ml), and storage time (I, 4 wk) of UHT-renneted UF milk.
Samples were stored at 21°C.
Source
Replicates (R)
Total Solids (S)
R*S
Storage Time (T)
Dosage (0)
T*D
S*D
S *T
S *T * D
Errors
Sampling Error
Total

df
1
2
2
1
2

2
4
2
4
15
108
143

SS
41.2
87621 .0
68.8
31141.0
6440. l
6292.5
32481.0
248.8
9987.5
519.4
480.2
175322.0

MS
41.2
43811.0
34.4
6440.l
15571.0
3146.3
8120.4
124.4
24%.9
34.6
4.5

F
1.2
1274.2

p
>.25
<.001

186.0
449.6
90.9
234.5
3.6
72.l
7 .8

< .001
<.001
<.001
<.001
<. l
<.001

The formation of the protein network formed in milk following the hydrolysis of
K-casein is dependent on , among other things, the concentration of constituents within
the milk. When whole milk is concentrated by ultrafiltration, proteins and fats are
retained in the concentrate, but in skim milk the increase in solids comes primarily from
protein. The large difference in curd firmness between samples of J5 and 20% S
suggests a critical range exists between these two levels, whereas components above this
range exert greater influence on coagulation. If the relationship between total solids and
curd firmness were direct, the line representing 15% S should be half way between 9.5%
and 20%. In addition to increased solids, reduction of the aqueous phase within the
concentrate would reduce the volume of water occluded within the curd and help to
reduce syneresis.
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Rennet Dosage
An increase in curd firmness and syneresis occurred when additional rennet was
added to the dairy dessert. As shown in Figure 2, curd firmness of UF skim milk
concentrate increased significantly as the I% rennet dosage was increased in
concentration from .5 to 3.5 RU/ml. After 1 wk at 21°C, samples containing .5 RU/ml
were in a liquid state, whereas samples containing 3.5 RU/ml displayed weak, delicate
gels.
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Figure 2. The effect of rennet concentrations [3.5 RU/ml (D) and .5 RU/ml (O)I on the
penetration resistance of UITT-renneted UF concentrates ( 15% S) stored at 21°C for I
wk. Average based three replicates. Error bars represent the standard errors of the
means.

Although rennet dosage had a significant overall effect on syneresis (Table l ), the
increase in syneresis with increased rennet addition, among those concentrates which
formed gels, was similar (Table 2).
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TABLE 2. Syneresis of UHT-renneted UF milk samples based on rennet dosage (.07 ,
.5, 3.5 RU/ml) and total solids (9.5, 15, 20% S). Samples were stored for 1 wk at
21 °C, and averages were based on the volume of serum released from the gel. Average
of four replicates accompanied by standard errors of the means.

Milk Solids Level

Sy_neresis (ml)

(%)

3.5 RU/ml

.5 RU/ml

.07 RU/ml

s
15 s
20 s

17.9±.7

*

6.0 ± .6

1.2 ± .5

*
*

4.6 ± .8

2.0 ± .2

.25 ± .2

9.5

* no coagulauon occurred.

The observed increases in curd firmness and syneresis with a corresponding
increase in rennet dosage may be related to the proportion of casein which forms the
initial curd. Dalgleish (8) developed a model of renneting reaction which shows that the
proportion of casein which forms the initial curd is increased as the rennet concentration
is increased for a given concentration of milk. Increases in curd firmness were also
observed by McMahon et al. (28). They found that when UHT milk concentrates were
renneted, gel strength was dependent on rennet dosage with stronger gels being formed
when higher rennet concentrations were used. This is particularly evident with UHT
sterile milk at 9.5% Sin which no gel formation was apparent at the given rennet dosage
rates. It has been generally accepted that UHT milk is not coagulable by rennet, but, as
shown in Figure 1 and Table 2, if sufficient rennet is added, and if sufficient time is
allowed, the milk will gel. Admittedly, it is only a weak gel, but, nevertheless, it does
gel. If the milk had not been kept sterile, it may not have been possible to observe this
gelation because the milk would have fermented if kept at room temperature, or it would
not have gelled if it had been refrigerated. Only by aseptically adding sterile rennet to
sterile UHT milk would the gel be formed.
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Setting Temperature
Changing the setting temperatures from 21 to 34°C did not affect curd firmness or
syneresis (Table 3).
TABLE 3. ANOVA of syneresis in UHT-renneted UF milk samples (20% S) inoculated
with rennet (3.5 RU/ml) and stored at different setting temperatures (21, 34°C), storage
temperatures (4, 21°C), and storage times (1, 4 wk).
Source
Replicates (R)
Setting Temperature (V)
R*V
Storage Temperature (W)
Storage Time (T)
W*T
V*W
V*T
V*W*T
Errors
Sampling Error
Total

df
1
1
1
1
1
1
1
1
1
6
32
47

SS
0.8
4.1
5.3
1976.3
990.1
784.1
0.8
27 .0
40.3
12.2
76.2
3917.2

MS
.8
4.1
5.3
1976.3
990.1
784.1
.8
27 .0
40.3
2.0
2.4

F
.2
.8
988.2
495.0
392.0

.4
13.5
20.2
.8

p
>.25
>.25
<.001
<.001
<.001
>.25
<.025
<.005

Typically, when milk is rennet coagulated as in cheese manufacturing, increasing
the temperature of milk increases the curd firnmess (48). In these experiments, however,
the coagulation process was extended over a much longer period of time. After UHT
processing, the sterile concentrates were cooled to either 21 or 34°C and rennet was
added at that temperature. After closing the containers, the samples were stored at either
4 or 21°C and allowed to cool to those temperatures during the storage period. The
storage temperature had a greater effect on gel properties than did the temperature at
which the rennet was added.

Storage Temperature
Storage temperatures of UHT dairy dessert samples influenced both curd

firmness and syneresis (Table 3). Concentrates stored at 4°C were slow to gel compared
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to samples stored at 21°C. After 24 h, samples containing 20% Shad not gelled at 4°C,
but samples held at 21°C had gelled. Samples stored at 4°C had a significant (P < .001)
reduction in syneresis compared to those at 21°C. After 4 wk storage, samples stored at
4°C had released only 1 ml of serum from the gel compared to 23 ml for those stored at
21°C.
Hydrophobic interactions are one of the noncovalent forces stabilizing casein
micelles. They are nonspecific because they are associated with the entropy of the water
rather than attractive bonding between specific groups. At low temperature, hydrophobic
interactions are weakened (low entropy); hence, there is less driving force to cause
aggregation. In milk, the caseins may dissociate from the micelle at low temperature and
go into solution. Increasing the temperature (increased entropy) promotes reassociation
of the caseins. The sensitivity of the aggregation phase to temperature allows for the
hydrolysis of K-casein by chymosin at low temperatures (5°C) without immediately
inducing coagulation. When the temperature is raised, coagulation occurs (26). With the
UHT milks that were renneted and then transferred to 4°C for storage, the milk
coagulated, but any subsequent protein associations that were hydrophobically driven
could have been inhibited. At 21°C, these hydrophobically-driven associations would
continue and cause rearrangements to occur in the gel structure. This continual
aggregation of proteins would cause the gel to become more compact and shrink. In the
process of doing so, serum entrapped in the gel is expelled, and syneresis occurs.

Storage Time
When UHT dairy dessert samples were stored, over time there were significant
changes in curd firmness and syneresis. Curd firmness of UF concentrates containing
20% solids was shown to increase significantly over a 4-wk period (Figure 3). This
finner gel was produced by the gel shrinking and forming a tighter protein network with
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probably more reinforcements in the gel structure as well as shorter linkages in the gel.
This shrinkage is evident in Figure 3 by the increased volume of serum through which
the penetrometer must travel before the gel is compressed.
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Figure 3. The effect of storage time [week l(~). week 4 (O)] on the penetration
resistance of UHT-renneted UF concentrates (20% S). Samples were inoculated with
3.5 RU/ml and stored at 21°C. Average based on four replicates. Error bars represent
the standard errors of the means.

When measuring curd firmness, the penetrometer rod was placed atop any serum
in the cup, and then the test was commenced. While the rod was descending through the
serum, there was no force transmitted through the sample, and a reading of zero was
obtained. When the rod reaches the curd portion of the sample, the resistance imparted
by the curd allows force to be transmitted and a measurement was recorded.
The level of syneresis in week 1 and week 4 is evident in Figure 3 by noting the
point of departure of both lines from the abscissa. In Figure 3, it can be observed that it
took between 5 and 10 s for the penetrometer to traverse the serum layer of the sample
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after 1 wk of storage, and between 20 and 25 sin the 4 wk sample. At a penetrometer
speed of .3 mm/s this corresponds to a serum layer of about 2 and 7 mm, respectively.
The overall height of the sample was about 50 mm, so this represents syneresis of 4%
and 14%.
Figure 3 relates to textural properties, too. At week 1, the transition near the apex
from positive to negative slope is gradual in comparison to that of week 4. The samples
at week 1 provided a pudding-like texture, whereas samples at week 4 displayed a
gelatin-like texture and fractured when stressed.
Syneresis increased significantly during storage. After 1 wk of storage, UHT
milk samples of 9.5, 15, and 20% solids had 17.9 ± .6, 6.0 ± .6, and 4.6
serum. At 4 wk, this had risen to 71.0 ± 1.0, 30.5

± .8 ml of free

± 1.0, and 23.4 ± 1.0 ml, an increase

in syneresis of 300, 410, and 400%, respectively.

Method of Concentration
The method of concentrating skim milk affected curd firmness. Samples made
from UF concentrate averaged gel strengths of 400 gf while RO samples averaged 10 gf.
Syneresis was not measured because of the fluid-like nature of the RO concentrate.
The difference in curd fmnness between UF and RO concentrates in the presence
of rennet is not fully understood at this time. The process of separating molecules is
based on the size, charge, and shape of the molecules and their affinity for the
membranes (1 ). The membrane pore size used in ultrafiltration is small enough to retain
milk proteins and fat but allow for passage of lactose and minerals; however, the pore
size used in RO membranes is able to retain lactose and the majority of minerals in
addition to protein and fat. Thus, the compositional composite of the concentrates is
different. At 20% S, a UF concentrate would contain more protein (approximately 13%
protein) than an RO concentrate (approximately 7% protein). On a protein basis this
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would make the 20% RO milk concentrate similar to the 15% S UF milk concentrate.
The 20% SRO concentrate would contain about 10% lactose compared to about 5%
lactose in all the UF concentrate. How these changes affect the coagulation process is, as
stated above, still not fully understood.

Milk Fat
The percentage of milk fat in the UHT dairy dessert influenced curd firmness,
syneresis, and texture. The curd fimrness of UF concentrates containing 18% milk
solids with .6, 1.5, and 3.5% fat is shown in Figure 4. When the fat content was
increased from .6 to 3.5%, the curd firmness of the samples decreased. Samples
containing .6% fat had a custard-style body, and samples with 1.5% fat resembled a
pudding-like body. Samples containing 3.5% fat had a weak, fragile body.

n
4cr.
v

v
u

I 00

L

0
LI...

0
0

20

40

60

80

Time (sec)
Figure 4. The effect of milk fat levels [.6% (O), 1.5% (.6.), and 3.5% (D)I on the
penetration resistance of UHT-renneted UF concentrates ( 18% S). Samples were
inoculated with 3.5 RU/ml and stored at 21°C for l wk. Average based on four
replicates. Error bars represent the standard errors of the means.
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Level of fat in the UF concentrates had a significant effect on syneresis (P < .1,
Table 4 ). Samples with .6% fat displayed the greatest volume of syneresis (35 ml) at the
end of 6 weeks followed by samples with 3.5% fat (22 ml) and samples with 1.5% fat
(12 ml). I tasted the samples and found the samples with 1.5% fat to have a smooth,
bland taste in comparison to those of .6% fat, which tasted chalky.
TABLE 4. ANOVA of syneresis in UHT-renneted UF concentrates (18% S) inoculated
with 3.5 RU/ml and sto~ed for different periods of time (1, 6 wk) and with different
levels milk fat (.6, 1.5, 3.5% fat). Samples were stored at 21°C.
Source
Fat (F)
Storage Time (T)
F*T
Sample Error
Total

df
2
1
2
18
23

SS
1411.5
1696.8
101.5
37.5
3247.3

MS
705.8
1686.8
50.7
2.1

F
13.9
33.5
24.3

p

<.1
<.05
<.001

The influence of fat on curd firmness and syneresis may be explained by the
physical relationship that exists within the system. In renneted, homogenized milk, a
reduction in curd strength has been attributed to an increase in the number of fat globules
that serve as points of weakness in the casein coagulum. The adsorption of casein onto
the fat globule surfaces also removes some casein from functioning in gel formation (45).
McMahon et al. (27) showed that when rennet was added to unhomogenized milk
concentrate (UF), a strong protein network evolved that encapsulated the fat globules.
Homogenization caused the fat globules to be coated with casein micelles and become tied
into the protein network as part of the gel structure. Also, for a fixed solids content of
the concentrate, there will be a difference in protein levels because as the fat level
increases, the protein level decreases.
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Preheating
Milk concentrates that were heated to 81°C for 30 min before UHT processing
produced gels that were slightly weaker than a corresponding concentrate that had had the
UHT heating only (Figure 5). The heat treatment, however, had a significant effect on
syneresis (P < .1) in 4-wk-old samples by 25% (Table 5).
Heat treatments of 81°C for 30 min denature whey proteins and alter the course of
milk coagulation because ~-lactoglobulin interacts with K-casein (31). This complex
affects the coagulation reaction by preventing the enzymes from acting on K-casein and
by interfering with the aggregation of para-casein micelles.
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Figure 5. The effect of preheating (81°C, 30 min) on the penetration resistance of UHTrenneted UF concentrates (18% S) with no preheat treatment (O) and with a preheat
treatment(~). Samples were inoculated with .5 RU/ml and stored for 1 wk at 21°C.
Average based on four replicates. Error bars represent the standard errors of the means.
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TABLE 5. ANOVA of syneresis in UHT-renneted UF concentrates (18% S) with and
without heat treatments (81°C, 30 min). Samples were inoculated with .5 RU/ml and
stored at 21°C for different periods of time (1, 4 wk).
Source
Heat (H)
Storage Time (T)
H*T
Sample Error
Total

df
1
1
1
12
15

SS
321.3
193.9
2.8
20.9
538.9

MS
321.3
193.9
2.8
1.7

F
114.5
69.1
1.6

p
<.l
<.1
<.25

P-Galactosidase
P-Galactosidase was used in preliminary trials as a means of increasing sweetness
without adding sucrose or fructose. I found the concentrate to be sweeter than samples
without P-galactosidase but not sweet enough to support the needed flavor profiles. The
samples evaluated by the taste panelists did not contain (3-galactosidase. According to the
manufacturer's directions, this dosage would hydrolyze over 50% of the lactose. If this
mixture were refrigerated for approximately 48 h, 75% of the lactose would be
hydrolyzed.

Carrageenan
The addition of carrageenan increased both curd firmness and syneresis. After 1
wk, average gel strength of renneted UF samples with 0, .025, and .5% (w/w)
carrageenan was 10, 18, and 25 gf. Syneresis increased in samples containing .025 and
.5% (w/w) carrageenan by about 180 and 500% over samples without carrageenan (Table
6).
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TABLE 6. ANOVA of syneresis in UHT-renneted UF concentrates (18% S) containing
different levels of carrageenan (0, .025, .05% w/w) and stored for different periods of
time (1, 4 wk). Samples were inoculated with .5 RU/ml and stored at 21°C.
Source
Carrageenan (K)
Storage Time (T)
K*T
Sample Error
Total

df
2
1
2
18
23

SS
335.4
394.5
23.3
47.2
800.3

MS
167.7
394.5
11.6
2.6

F
14.4
33.9
4.4

p
<.l
<.05
<.05

Modified Food Starch
When modified food starch was added to the concentrate, there were no
significant differences in syneresis or gel strength between modified food starch derived
from waxy maize or tapioca. However, syneresis increased overall by about 5% at the
.01 % (w/w) usage level and 3.4% at the .1% (w/w) usage level after 1 wk (Table 7).
TABLE 7. ANOVA of syneresis in UHT-renneted UF concentrate (18% S) containing
different types of modified food starch (tapioca, waxy maize) and at different levels (.01,
.1 % w/w). Samples were inoculated with .5 RU/ml and stored at 21°C for 1 wk.
Source
Food Starch (P)
Concentration (U)
P*U
Sample Error
Total

df
2
1
2
18
23

SS
0.2
18.4
4.8
4.8
28.3

MS
0.1
18.4
2.4
0.3

F
0.05
7.6
9.0

p

>.25
<.25
<.01

Whey Protein Concentrate
Whey protein concentrate (.01, .03, .05, .1% w/w) was added to the milk
concentrate with no significant differences in syneresis or gel strength. The ability of
whey protein concentrate to influence syneresis was impaired because of continual
surface film formation which had to be removed before UHT processing could ensue.
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Flavoring
Chocolate and vanilla were tested as UHT dairy dessert flavors. In preliminary
trials, samples of chocolate-flavored concentrate did not coagulate after 4 wk of storage at
21°C, whereas samples of the vanilla flavored concentrate did. Table 8 gives the
composition profile of the two flavored concentrates. Additional UHT-processing
experiments were carried out with concentrate containing 1) only sugar, 2) sugar and
cocoa, and 3) cocoa only. The cocoa delays coagulation, but no explanation was
obtained.
The pH of milk is approximatley 6. 7, whereas the optimum pH for calf rennet
stability is between 5.3 and 6.3 (11, 12). The pH of the chocolate-flavored concentrate
was 6.6, so this prevention of coagulation by cocoa could not be attributed to an
increased pH of milk. In work first initiated by Tarassuk and Richardson (43) and
Palmer and Hankinson (33), it was reported that certain fatty acids could inhibit milk
clotting by rennet. It has been suggested that this inhibition was probably caused by free
fatty acids binding some of the calcium ion as insoluble salts (43). Jenkins and Emmons
(18) found that caprylic, myristic, oleic, linoleic, and linolenic acids were inhibitory at
.4% (v/v) in reconstituted skim milk powder (10% w/v) at pH 6.1.
Table 8. Composition of flavored UHT concentrates.
Com_Qosition
Concentrate
VanillaN/A
Cocoa
Fructose
Sucrose
Sodium Chloride
Total

Chocolate (fil
100.0
.09
2.5
.1
4.5
.03
107.22 g

Vanilla (g_)
100.0
.41
0.0
.25
4.5
.03
105.19 g
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Sensory Analysis
The sensory evaluation involved comparison of a commercial brand pudding and
the UHT dairy dessert; both were vanilla flavored. Panelists were asked to rate each
product using a hedonic scale (1 =dislike extremely, 9 =liked extremely) on appearance,
mouthfeel, flavor, and overall acceptability (Appendix A, B). The commercial pudding
was rated significantly (P < .001) higher in all categories (Tables 9, 10, 11, 12). The
averages for each category are presented in Table 13. Gender, age, and regularity in
which panelists consumed nonrefrigerated pudding were compared to determine if there
were trends among the panelists and their responses. There were no differences among
panelists grouped according to gender or eating frequency, but the age group 20-30 rated
the dairy dessert higher in mouthfeel, flavor, and overall acceptability (4.6, 3.0, 3.1) than
did the age group 40-50 (3.1, 1.8, 2.2).
Table 9. ANOVA of a sensory analysis comparing a UHT-renneted VF dairy dessert and
a nonrefrigerated commercial brand pudding for appearance.
A~dl1ce

Brands
Judges
Error
Total

df
1
49
49
99

SS
98.0
268.2
141.5
507.7

MS
98.0
5.5
2.9

F
33.9
1.9

p
<.001
<.025

Table 10. ANOVA of a sensory analysis comparing a UHT-renneted VF dairy dessert
and a nonrefrigerated commercial brand pudding for mouthfeel.
Mouthfeel
Brands
Judges
Error
Total

df
1
49
49
99

SS
146.4
222.0
148.1
516.5

MS
146.4
4.5
3.0

F
48.5
1.5

p
<.001
<.25
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Table 11. ANOVA of a sensory analysis comparing a UHT-renneted UF dairy dessert
and a nonrefrigerated commercial brand pudding for flavor.

df
1
49
49
99

Flavor
Brands
Judges
Error
Total

MS
265.7
3.5
2.5

SS
265.7
169.9
123.8
559.4

F
105.0
1.4

p
<.001
<.25

Table 12. ANOVA of a sensory analysis comparing a UHT-renneted UF dairy dessert
and a nonrefrigerated commercial brand pudding for overall acceptability.

df
1
49
49
99

Overall
Brands
Judges
Error
Total

MS
252.8
3.5
1.6

SS
252.8
173.0
76.7
502.8

F
162.1
2.3

p
<.001
<.01

Table 13. Comparison of the average hedonic score given by panelists for the two
products.
Cat~ories

Appearance
Mouthfeel
Flavor
Overall Acc~tabilil.Y_

D~Dessert

4.7
4.2
2.7
2.9

Commercial Pudding_
6.7
6.6
5.9
6.0

When evaluating the scores given to the two products, the purpose of this project
must be kept in mind. We set out to initiate development of a dairy dessert product that
did not require refrigeration. One of the parameters that affected product formation was
the total solids content of the concentrate which, when using skim milk, comes primarily
from protein. The starch-based pudding is not dependent on protein for gel formation.
Thus, the composition and the gel formation process are different in the two products,
and these physical properties were evident A frequent comment of panelists about the
UHT pudding was about its chalkiness. This mouthfeel-flavor characteristic needs to
have further work done on it, but I have found that increasing the carbohydrate portion
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(sucrose/fructose) would help resolve this problem. Moreover, the vanilla flavor could
be enhanced by a combination of potassium chloride and sodium chloride rather than

sodium chloride alone.
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CONCLUSIONS
For the manufacture of a UHT dairy dessert, I have made the following
conclusions:
I.

Increasing the milk solids by UF processing increases curd firmness and

decreases syneresis.
2.

Curd firmness and syneresis increase when additional rennet is added to the UF

concentrate.
3.

The temperature at which the UF concentrate and rennet is mixed is not significant

in curd firmness or syneresis.
4.

The temperature at which the UF concentrates are stored influences curd firmness

and syneresis. It took longer for samples stored at 4°C to develop curd firmness and
produced softer gels than when stored at room temperature.
5.

Curd firmness and syneresis increase with the length of storage time of UHT, UF

concentrates.
6.

A concentrate obtained through RO processing does not readily form a coagulum

in comparison to UF processing.
7.

Increasing fat content of the UF concentrate from .6 to 3.5% decreases curd

firmness. Syneresis is minimal at an intermediate fat content.
8.

Heating the UF concentrate to 81°C for 30 min prior to UHT processing reduces

curd firmness and syneresis.
9.

Adding cocoa to UF concentrate, prior to UHT processing, delays coagulation.

l 0.

Adding carrageenan or starch to the UF concentrate increases curd firmness and

syneres1s.
11 .

More than 4.5% sugar must be added to the UF concentrate to avoid a chalkiness

defect in the UHT dairy dessert.
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APPENDIX A

Today you will be sampling two vanilla pudding products. These are
nonrefrigerated, ready-to-eat puddings. You will evaluate their appearance,
mouth feel, flavor, and overall acceptability.
Before preceeding to the next page, please fill in the following information.
Gender:

Male__

Female__

Age:

20's-30's_

40's-50's_

60's-70's_

80's-over_

How often would you say that you consume nonrefrigerated, ready-to-eat
pudding?
Weekly_

Monthly_

Thank you for participating in today's panel.

Yearly_
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APPENDIXB
Sample #649
Place an "X" in each column which describes your feelings about this sample.

Categories
Descriptions
Like extremely
Like very much
Like moderately
Like slightly
No preference
Dislike slightly
Dislike moderately
Dislike very much
Dislike extremely

Appearance

Mouth Feel

Flavor

Overall Impression

